
   
 

 
COURSE DESCRIPTIONS FOR NANO 701 and 702               
 
NANO 701 FUNDAMENTALS OF NANOTECHNOLOGY (0.5)  
 
Students must complete any two of the 0.25 unit weight modules (or topics) T1 to T7 
listed below.  Each module will typically consist of 18 lecture hours per term.  
 
(a) NANO 701-T1 Nanoscale Surfaces/Interfaces (0.25) LEC 
 
Introduction to the structure and properties of clean and adsorbate-covered surfaces, 
including metal, semiconductors, oxides and other complex systems.  Survey of the 
physics and chemistry of adsorption, desorption, diffusion, and reorganization 
phenomena, as well as nanoscale interfacial processes, including capillary phenomena 
and molecular recognition and self-assembly. 
 
(b) NANO 701-T2  Solid State Physics and Chemistry  (0.25) LEC 
 
The purpose of this course is to refresh and deepen concepts pertinent to solid state physics 
and chemistry, which include chemical bonding in solids, crystal structure, thermal 
properties of solids, electronic properties of metals (Drude model and free electron model), 
semiconductors, magnetism, dielectrics, and superconductivity. The course will finish with 
an introduction to quantum-confined structures and contrast them to the corresponding bulk 
materials. 
 
(c) NANO 701-T3 Self-assembly Phenomena (0.25) LEC 
 
Introduction to self-assembly, self-assembly in bulk and interfaces, basic concepts and 
examples. Other self-assembly systems include surfactant system, block co-polymer melt 
and solutions, DNA’s, proteins and lipids and biomimetic systems. Application of self-
assembly systems.  
 
(d) NANO 701-T4 Nanoscale Phenomena (0.25) LEC 
 
A general survey of physical, chemical, mechanical, electrical, magnetic, optical and 
other properties specific to nanoscale objects (generally 1-100 nm);  processes and 
mechanisms contributing to these nanoscale specific properties;  examples of recent 
discoveries; examples of recent applications resulting from these nanoscale phenomena. 
 
(e) NANO 701-T5 Nanomechanics  (0.25) LEC 
 
This module will give an introduction of the important intermolecular forces and 
dynamics that are relevant for nanoscale structures and features. The different electronic 
configurations in materials will be related to the different types of bonding forces 
between atoms and molecules. Pair potentials will be used to calculate fundamental 
thermodynamic quantities such as total potential energy, bulk modulus, and specific heat 



   
 

capacity. Lattice Dynamics will be covered along with the concepts of normal modes and 
phonons. The fundamentals of Molecular Dynamics will be introduced along with the 
methods used to extract physical properties from Molecular Dynamics simulations. The 
final topics will be the Quasi-Continuum method, nanoindentation, and dislocation theory 
of yielding. This course is designed to prepare students for NANO 702-T8: 
Computational Nanomechanics, which is more practical in nature and includes a 
significant project. 
 
Held with: ME 738-T8 Introductory and Advanced Nanomechanics 
 
 (f) NANO 701-T6 Molecular Biophysics (0.25) LEC 
 
Physics perspective on biological phenomena at the molecular scale.  Cell structure and 
molecular composition; intermolecular interactions and hydration; protein structure and 
function; cytoskeletal filaments; DNA structure and chromosomes; molecular dance, 
diffusion and biological dynamics (e.g., diffusion to capture); selected topics in 
nanobiotechnologies.   
 
(g) NANO 701-T7 Physical Foundations of Nanodevices (0.25) LEC 
 
Semiconductor heterostructures in reduced dimension: Quantum wells, wires, and films, 
fabrication of semiconductor and metallic nanostructures. Conduction at the nanoscale: 
The quantum point and break junctions, scattering formalism of transport, Coulomb 
blockade, resonant tunneling, quantum dots. Modern nanodevices: Carbon-based 
electronics, molecular electronics, magnetoelectronics. 
 
Anti-requisites: 
NE 471; ECE 493-T2 (Nanoelectronics); ECE 730-T13 (Nanoelectronics); ECE730-T20 
(Physics of Nanodevices) 
 
Held with: PHY 461 
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NANO 702  NANOTECHNOLOGY TOOLS (0.5) 
 
Students must complete any two of the 0.25 unit weight modules (or topics)  T1 to T8 
listed below.  Each module will typically consist of 18 lecture hours per term. 
 
(a) NANO 702-T1 Spectro-microscopy  (0.25) LEC 
General survey of the basic principles of the common spectroscopies and 
spectromicroscopies used for nanoscale research, including optical techniques (NMR, 
FTIR, Raman, UV-Vis, XAS including EXAFS and XANES), electron-based techniques 
(UPS, XPS, AES), and tip-based techniques (STS); latest development in both lab-based 
and synchrotron or free electron laser based instrumentation and methods; specific 
examples of using these techniques to examine nanoscale properties and phenomena. 
 
Recommended: NANO 701A 
 
(b) NANO 702-T2 Nanoscale Fabrication Tools (0.25) LEC 
This course module covers the two important elements of nanofabrication: lithography 
and materials synthesis. An introduction to the established lithography techniques for the 
nanoscale, namely advanced optical lithography, electron beam lithography and 
nanoimprint lithography, followed by exploratory tools such as the focused ion beam 
technique and scanning probe microscopy based lithography. Pattern transfer techniques 
such as reactive ion etching will also be covered. The focus in materials synthesis will be 
on thin films. Basics of thin film growth (surfaces and nucleation), epitaxy (mechanisms 
and nanostructures), growth techniques (chemical vapour deposition, physical vapour 
deposition) and a review of the fundamental thing film characterization techniques. 

Held with: SYDE 682 Advanced Microelectromechanical Systems 

(c) NANO 702-T3 Self-assembly Tools (0.25) LEC 
 
Introduction to tools for quantifying self-assembly processes. Scattering techniques  
include light, x-ray and neutron scattering. Surface characterisation tools, tensiometry, 
surface plasmon, DPI, ellipsometry. Thermodynamic characterisation tools. Calorimetry.  
Physical characterization tools – fluorescence spectrometry. 

Recommended: NANO 701C 
 
(d) NANO 702-T4  Nanoscale Modeling (0.25) LEC 
 
An overview of continuum and discrete methods used in the modeling of nanoscale 
systems. Emphasis will be placed on solid structures and fluids under confinements. 
Models of interactions between atoms, molecules and surfaces will be covered. 
Analytical and numerical techniques of structural dynamics will be introduced. Tools of 
molecular simulations such as Molecular Dynamics and Monte Carlo sampling will be 
discussed. Relevant examples from the recent literature will be presented.  
 
 



   
 

(e) NANO 702-T5 Nanoscale Sensing (0.25) LEC 
 
A general understanding of the concepts of nanotechnology enabled sensors including 
fundamental theory, functionalization and sensor response. After a brief introduction to 
the concepts of chemical sensing, fundamentals of various physical transduction 
platforms (such as capacitive, optical, mechanical, electrochemical, solid state and 
acoustic wave transducers) will be discussed. The design, fabrication and testing of 
various inorganic (e.g. nanostructured thin films and mechanical and optical structures) 
and organic (e.g. surface interaction-, surface modification- and protein-based) 
nanotechnology enabled sensors for gas, liquid and bio-sensing applications will be 
presented as case studies. Sensors for electric charge, magnetic field and photons will be 
discussed.                                       
 
Held with: ME 780 Micro and Nanoscale Sensing  
 
(f) NANO 702-T6 Microscopy (0.25) LEC 
 
An introduction to high resolution submicron microscopy methods. The course is 
intended for graduate science and engineering students and will cover optical and 
fluorescence microscopy; scanning probe microscopy including atomic force microscopy 
and scanning tunneling microscopy; optical tweezers; electron microscopy, including 
scanning electron microscopy and transmission electron microscopy. 
 

(g) NANO 702-T7 Biomedical Nanotechnology (0.25) LEC 
Introduction to biomedical nanotechnology. Application of nanotechnology in biology 
and medicine.  Introduction to nanoparticles nanotstructures, and bio-nanoassembly.  
Interactions between biomolecules and nanostructures. Examples of applications of 
nanotechnology in biology and medicine, such as: biosensing, biodiagnostics, drug 
delivery, imaging, cancer treatment. Environmental issues, toxicity of nanomaterials., 
ethical issues, the future of nanotechnology in medicine. 
 
Anti-requisite: NE 481 
 

(h) NANO 702-T8 Computational Nanomechanics (0.25) LEC, PROJ 
 

Using the knowledge obtained in NANO 701-T5: Nanomechanics, students will apply 
and expand their knowledge via two focused projects. The first project uses the methods 
of Molecular Dynamics to obtain insights into a nanoscale system. The second project 
will use the Quasi-Continuum method to model the nano-scale system from the first 
project and couple it to a macro-scale environment. Practical instruction in using the 
Molecular Dynamics software and the Quasi-Continuum software.  
 
Prerequisite: NANO 701-T5 Fundamentals of Nanotechnology: Nanomechanics 
Held with: ME 738-T8 Introductory and Advanced Nanomechanics 
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